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[57] ABSTRACT 

An apparatus and method for stacking integrated circuit 
devices which combine flip-chip technology and soldering 
methods with laminated stack frames to provide a vertical 
stack array with minimal parasitic inductance. Each lami- 
nated stack frame has a- central cavity and includes a 
plurality of vias extending through them. The vias have top 
surfaces and bottom surfaces, wherein the bottom surfaces 
each contain a solder bump. Each laminated stack frame also 
includes a plurality of solder bump pads extending into the 
cavity to contact corresponding solder bumps on a flip-chip 
integrated circuit chip, and a plurality of traces coupling 
each solder bump pad to a via The bottom surfaces of the 
vias of a bottom laminated stack frame couple to contacts on 
a printed circuit board. 

13 Claims, 3 Dravnng Sheets 
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APPARATUS AND METHOD FOR STACKING 
INTEGRATED CmCUTT DEVICES 

BACKGROUND OF THE INVENTION ^ 

The present invention relates to integrated dicuit mount- 
ing techniques, and more specifically to an apparatus and 
method for stacking integrated circuit devices. 

As computers get smaller, printed ciicint board area also 
tends to get smaller. At the same time, computers are 
becoming more powerful, causing problems with fitting 
circuitry into a limited printed circuit board area. For 
example, a major problem exists in mounting cache and 
RAM memory onto printed circuit boards. Newer, more 
powerful computers require larger amounts of cache and 
RAM memory for server operation, multi-tasking operation, 
sound processing, moving video processing, and graphics 
processing. 

One proposal for solving this problem Is to stack multiple 
laminate layers, such as those manufactured by Staktek, Inc., 
and RFB Technologies, Inc., one on top of die other. Each 
laminate layer provides a firame within which a SRAM or 
DRAM chip is mounted, as well as cormections to the chip 
and other laminate layers. The RAM chips are connected to 
the laminate frames by a wire bonding process known m the 
art. 

However, the wire bonding method suffers from the 
disadvantage that the bond wire is a major contributor to 
signal parasitic inductance, especially if the wire loop length ^ 
is not strictly minimized. As processor and cache clock 
frequencies increase, parasitic inductance distorts signals 
between the processor and a planar array of multiple cache 
chips, 

Hisrefore, it would be desirable to provide a method for 35 
stacking integrated circuit chips, such as cache and RAM 
chips, which minimizes signal parasitic inductance. The 
present invention proposes that modem flip-chip technology 
be used instead of wire bonding methods. An excellent 
discussion of flip-chip process steps may be found in the 40 
book ''Multichip Module Technologies And Alternatives: 
The Basics", edited by Daryl Aim Doane and Paul D. 
Franzon, and published by Van Nostrand-Reinhold, New 
York, in 1993. This book is hereby incorporated by refer- 
ence. 45 

The basic connection scheme consists of die input/output 
(I/O) pads that have had solder bumps applied, plus a 
matching set of substrate solder wettable pads. The die I/O 
pads are formed by etching vias through the passivation 
layer followed by hermetically sealing the via by evaporat- 50 
ing layers of chromium, copper, or gold through an appro- 
priate mask. A solder alloy is then deposited on the pad to 
form the solder bump. The melting point of the solder is high 
enough to ensure compatibility with subsequent assembly 
steps. Meanwhile, the substrate solder wettable pads are 55 
formed so molten solder is restrained from flowing outward 
from the bump causing a controlled coll^sc of the bump 
during the subsequent solder reflow step. The reflow step 
can be achieved in a vapor-phase or inftared oven or by a 
localized heat source. 60 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
an appaiams and method for stacking integrated circuit 65 
devices are provided. The present invention combines flip- 
chip technology and soldering methods with laminated stack 



frames to provide a vertical stack array with minimal 
parasitic inductance. Each laminated stack frame has a 
central cavity and includes a plurality of vias extending 
through them. The vias have top surfaces and bottom 
surfaces, wherein the bottom surfaces each contain a solder 
bump. Each laminated stack frame also includes a plurality 
of solder bump pads extending into the cavity to contact 
corresponding solder bumps on a flip-chip integrated circuit 
chip, and a plurality of traces coupling each solder bump pad 
to a via. The bottom surfaces of the vias of a bottom 
laminated stack frame couple to contacts on a printed circuit 
board. 

The present invention also includes high thermal conduc- 
tivity layers on top of the integrated circuit chips. Each high 
thermal conductivity layer has solder bumps aroimd its 
periphery. The solder bumps couple to solder bump pads 
associated with heat conducting vias extending through the 
laminated stack frames to the printed circuit board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional benefits and advantages of the present inven- 
tion will become apparent to those skilled in the art to which 
this invention relates from the subsequent descripdon of the 
preferred embodiments and the appended claims, taken in 
cortjunction with the accompanying drawings in which: 

FIG. 1 contains an exploded perspective view of the 
integrated circuit mounting apparatus of the present inven- 
tion; 

FIG. IB contains a blowup of an area circled in FIG. 1; 

FIG. 2 is a cross-sectional view of a laminated stacking 
frame illustradng the cormections between an integrated 
circuit chip and the frame and between a high thermal 
conductivity layer and the frame; 

FIG. 3 contains a bottom view of a laminated staddng 
itame; and 

FIG. 4 contains a ic^ view of the area of the printed circuit 
board upon which the bottom laminated stacking frame is 
mounted. 

DEDMLED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIGS. 1-4, computer circuit assembly 
10 includes printed circuit board 12, and vertical circuit 
stack 14. 

Vertical drcuit stack 14 includes laminated stack frames 
16a-c and integrated circuit chips 18a-c. Vertical circuit 
stack 14 occupies space on printed circuit board 12 only 
slightly larger than the space of a single integrated circuit 
chip. Although only one vertical stack 14 and three lami- 
nated stack frames 16a--c, and three integrated circuit chips 
ISa-c are shown in the drawing, the present invention 
envisions any number of stacks and stack frames arranged in 
a three-dimensional array. 

Integrated circuit chips 18a-c are preferably flip-chips, 
having solder bumps 2fiki-c around die peripheries of each 
chip or an array of solder bumps distributed over the face of 
the die. In particular, integrated circuit chips 18a-c are 
preferably flip-chip SRAM or DRAM chips for use in cache 
or system memory. 

Laminated stack frames I6a~c are preferably similar to 
those manufactured by Staktek, Inc., or RIB Technologies, 
Inc., and contain cavities 22a-c, Under the method of the 
present invention, cavities 22a-c provide space for inte- 
grated circuit chips ISa-c to be flip-chip soldered to solder 
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bump pads 74q~€ at the bottom of cavities 22a~c. Signal 
conducting vias 26a-c extend through laminated stack 
frames 16a-c and provide signal, power, and ground con- 
nections to integrated circuit chips ISa-c. Signal conducting 
vias 26fl-c couple to solder bump pads 24a-c through traces 5 
2Sa-c. Traces 28a-c are short impedance-controlled traces 
under laminated stack frame 16a~c (FIG, IB). 

Advantageously, heat generated by integrated circuit 
chips 18a-c is conducted away by solder bump pads 24a-€ 
to signal conducting vias 26ch-c, Heat may also be conducted i^ 
away from integrated circuit chips ISa-c by providing high 
thermal conductivity layers 30a-c on top of integrated 
circuit chips 18a-c. High thermal conductivity layers 30a-c 
may be made of copper or deposited diamond film. Thermal 
grease is applied between high thermal conductivity layers 15 
30fl-c and integrated circuit chips ISa-n: to enhance thermal 
conductivity. High thermal conductivity layers 30a-c may 
be coupled to imused vias as heat conducting vias 32a-c in 
laminated frames 16a~c through solder bumps 34fl-c on 
high thermal conductivity layers 30fl-c, which make contact 20 
with solder bump pads 36a-c. Solder bump pads 36a-c 
contact heat conducting vias through heat conducting traces 
38a-c, If diamond film is used in high thermal conductivity 
layers 30a-c, heat conducting vias 32fl-c must provide high 
thennal conductivity through stack 14 to printed circuit 25 
board 12. If copper laminates are employed, care must be 
taken to avoid electrical contact between the copper lami- 
nates and signal conducting vias 26a-c. High thermal con- 
ductivity layers 30a-c extend beyond the edges of integrated 
circuit chips 18fl-c so as to allow solder bumps 34a-c to 30 
avoid contact with integrated circuit chips 18a-c. 

^th reference to FIG. 3, bottom surfaces 40fl-^ of signal 
conducting vias 26a-c include solder bumps 42^?-c. Bottom 
surfaces 44£i-c of heat conducting vias 32a-c include solder 
bumps 46a-c. Bottom solder bumps 42i? couple signal vias 
26b to signal vias 26a and bottom solder bumps 42c couple 
signal vias 26c to signal vias 26b, Bottom solder bumps 42a 
couple signal vias 26a to contacts 48 on printed circuit board 
12 (FIG. 4). Bottom solder bumps 46b couple heat conduct- 
ing vias 32& to heat conducting vias 32a and bottom solder ^ 
bumps 46c couple heat conducting vias 32c to heat con- 
ducting vias 32^. Bottom solder bumps 46a couple heat 
conducting vias 32a to contacts 50 on prmted circuit board 
12 (FIG. 4). 

With reference to FIG. 4, die projection of laminated stack 
frame 16a on printed circuit board 12 is shown within dotted 
lines 52 and 54, Signal conducting vias 26a couple to 
contacts 48 on printed circuit board 12, while heat conduct- 
ing vias 32a couple to contacts 50 on printed circuit board 
12. Both contacts 48 and 50 are between dotted lines 52 and 
54. 

For RAM chips, a signal common to all RAM chips (such 
as power and ground) enters and leaves through one of 
contacts 48. From the one contact, the signal travels through 55 
one of each of signal conducting vias 26a-c, through one of 
each of traces 28a-c to one of each of solder bump pads 
24a-c, and finally to one of each of solder bumps 20a-c. In 
addition to common signals, each RAM chip requires its 
own set of signals, and therefore, dedicated paths for these go 
signals. Thus, dedicated vias and solider bump pads are 
established for these signals. 

Although the present invention has been described with 
particular reference to certain preferred embodiments 
thereof, variations and modifications of the present inven- 65 
tion can be effected within the spirit and scope of the 
following claims. 
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What is claimed is: 

1. An apirarams for mounting a flip-chip integrated circuit 
chip to a printed circuit board comprising: 

a laminated stack frame having a central cavity and 
including a plurality of vias extending through the 
laminated stack frame, wherein the vias have top sur- 
faces and bottom surfaces, wherein tiie bottom surfaces 
each contain a solder bump which is coupled to a 
contact on the printed circuit board, the laminated stack 
frame also including a plurality of solder bump pads 
extending into the cavity to contact corresponding 
solder bumps on the flip-chip integrated circuit chip, 
and a plurality of traces coupling each of the solder 
biunp pads to a corresponding via. 

2. The apparatus as recited in claim 1, further comprising: 
a heat conducting plate mounted on the integrated circuit 

chip. 

3. The apparatus as recited in claim 2, wherein the heat 
conducting plate comprises a plurality of solder bumps 
around its paiphery. wherein die laminated stack frame 
further comprises: 

a plurality of heat conducting vias extending tiirough the 
laminated stack frame and having lop surfaces and 
bottom surfaces, wherein the bottom surfaces each 
contain a solder bump which is coupled to a contact on 
the printed circuit board, the laminated stack frame also 
including a plurality of solder bump pads extending 
into the cavity to contact corresponding solder bumps 
on the heat conducting plate, arid a plurality of heat 
conducting traces coupling each solder bump pad to a 
heat conducting via 

4. The af^aratus as recited in claim 1, wherein the 
integrated circuit chip comprises a RAM chip. 

5. An apparatus for mounting a flip-chip integrated drcuil 
chip to a printed circuit board comprising: 

a first laminated stack frame having a central cavity and 
including a plurality of vias extending Uirough the first 
laminated stack frame, wherein the vias of the first 
laminated stack frame have top surfaces and bottom 
surfaces, wherein the bottom surfaces each contain a 
solder bump, the first laminated stack firame also 
including a plurality of soldK* bump pads extending 
into the cavity to contact corresponding solder bumps 
on a first flip-chip integrated circuit chip, and a plurality 
of traces coupling each of the solder bump pads to a 
corresponding via; and 

a second laminated stack frame below tiie first laminated 
stack fr^e having a central cavity and including a 
plurality of vias extending through the second lami- 
nated stack frame, wherein the vias of the second 
laminated stack frame have top surfaces and bottom 
surfaces, wherem the top surfaces contact the bottom 
surfaces of the vias of the first laminated stack firame 
and wherein the bottom surfaces each contain a solder 
bump which couples to a contact on the printed circuit 
board, the second laminated stack frame also including 
a plurality of solder bump pads extending into the 
cavity to contact corresponding solder bumps on a 
second flip-chip integrated circuit chip, and a plurality 
of traces coupling each of the solder bump pads to a 
corresponding via. 

6. The apparatus as recited in claim 5, further comprising: 
first and second heat conducting plates mounted on the 

first and second integrated circuit chips. 

7. The apparatus as recited in claim 6, wherein the second 
heat conducting plate comprises a plurality of solder bumps 
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around its periphery, wherein the second laminated stack 

frame further comprises: 
a plurality of heat conducting vias extending through the 
second laminated stack frame and having top surfaces 
and bottom surfaces, wherein the bottom surfaces each ^ 
contain a solder bump which couples to a contact on the 
printed circuit board, the second laminated stack frame 
also including a plurality of solder bump pads extend- 
ing into the cavity to contact corresponding solder 
bumps on the second heat conducting plate, and a 
plurality of heat conducting traces coupling each solder 
bump pad to a heat conducting via. 

8. The apparatus as recited in claim 7, wherein the first 
heat conducting plate comprises a plurality of solder bumps 
around its periphery, wherein the first laminated stack firame 15 
further comprises: 

a plurality of heat conducting vias extending through the 
first laminated stack frame and having top surfaces and 
bottom surfaces, wherein the bottom surfaces each 
contain a solder bump for contacting ttie heat conduct- ^ 
ing vias of the second laminated stack frame, the first 
laminated stack firame also including a plurality of 
solder bump pads extending into the cavity to contact 
corresponding solder bumps on the first heat conduct- 
ing plate, and a plurality of heat conducting traces ^ 
coupling each solder bump pad to a heat conducting 
via. 

9. The apparatus as recited in claim 5, wherein the 
integrated circuit chips comprise RAM chips. 

10. A method for mounting a plurality of flip-chip intc- 
grated circuit chips to a printed circuit beard comprising the 
steps of: 

providing a first laminated stack frame including a central 
cavity and a plurality of vias extending through the first 
laminated stack frame and having top surfaces and 
bottom surfaces, wherein the bottom surfaces each 
contain a solder bump; 

coupling a trace extending into the cavity to each of the 
vias; ^ 

coupling a solder bump pad to each of the traces; 
coupling a plurality of solder bumps on a first flip-chip 

integrated circuit chip to the solder bump pads; 
providing a second laminated stack frame having a central 

cavity and including a plurality of vias extending 

through the second laminated stack frame and having 

top surfaces and bottom surfaces, wherein the bottom 

surfaces each contain a solder bimip; 
coupling a trace extending into the cavity of the second 

laminated stack firame to each of the vias of the second 

laminated stack frame; 
coupling a solder bump pad to each of the traces of the 

second laminated stack firame; 

55 
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coupling a phuality of solder bumps on a second flip-chip 
integrated circuit chip to the soldCT bump pads of the 
second laminated stack firame; 

vertically stacking the first laminated stack frame on top 
of the second laminated stack frame to form a vertical 
stack array such that the bottom surfaces of each of the 
vias of the first laminated stack array contact the top 
surfaces of each of the vias of the second laminated 
stack firame below; and 

coupling the vertical stack array on top of the printed 
circuit board such that the bottom surfaces of the vias 
of the second laminated stack frame couple to contacts 
on the printed circuit board. 

11. The method as recited in claim 10, further comprising 
the step of: 

moimting first and second heat conducting plates on top of 
the first and second integrated circuit chips. 

12. The method as recited in claim 11, further comprising 
the steps of: 

coupling a plurality of solder bumps to each of the heat 

conducting plates; 
coupling a plurality of heat conducting traces extending 

into the cavities of the first and second laminated stack 

frames to the unused vias of the first and second 

laminated stack frames; 
coupling a plurality of heat conducting solder bump pads 

to the heat conducting traces of the first and second 

laminated stack frames; and 
coupling the solder bumps on the first and second heat 

conducting plates to the heat conducting solder bump 

pads of the first and second laminated stack frames. 

13. The method as recited in claim 10, further comprising 
the step of: 

providing additional laminated stack fi:ames, each having 
a central cavity and including a plurality of vias extend- 
ing through the additional laminated stack frames and 
having top surfaces and bottom surfaces, wherein the 
bottom siaf aces each contain a solder bump; 

coupling a trace extending into the cavity of each of the 
additional laminated stack frames to each of the vias of 
additional laminated stack frames; 

coupling a solder bump pad to each of the traces of the 
additional laminated stack frames; 

coupling a plurality of solder bumps on each of a plurality 
of additional flip-chip integrated circuit chips to the 
solder bump pads on corresponding additional lami- 
nated stack frames; and 

vertically stacking the additional laminated stack frames 
on top of the first laminated stack frame. 
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An apparatus and method for stacking integrated circuit 
devices which 

combine flip-chip technology and soldering methods with 
laminated stack frames 

to provide a vertical stack array with minimal parasitic 
inductance. Each 

laminated stack frame has a central cavity and includes a 
plurality of vias 

extending through them. The vias have top surfaces and bottom 
surfaces, 

wherein the bottom surfaces each contain a solder bump. Each 
laminated stack 

frame also includes a plurality of solder bump pads extending 
into the cavity 

to contact corresponding solder bumps on a flip-chip integrated 
circuit chip, 

and a plurality of traces coupling each solder bump pad to a via. 
The bottom 

surfaces of the vias of a bottom laminated stack frame couple to 
contacts on a 
printed circuit board. 
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